esp@cenet - Document Bibliogr and Abstract 



1/1 V? 



Method and apparatus for reordering mem ry operations In a superscalar or very I ng 
Instruction word processor 



Patent Number: 

Publication date: 
Inventor(s): 

Applicant(s):: 

Requested 
Patent: 

Application 
Number: 

Priority Number 

(s): 

IPC 

Classification: 
EC 

Classification: 
Equivalents: 



r 



EP0742512, A3 



1996-11-13 

MORENO JAIME HUMBERTO (US); EBICIOGLU MAHMUT KEMAL (US): LUICK DAVID ARNOLD (US); 
SILBERMAN GABRIEL MAURICIO (US); WINTERFIELD PHIUP BRAUN (US) 

IBM (US) 



JP8314721 



EP1 99601 061 45 19960419 
US1 9950435411 19950510 
G06F9/38 

G06F9/38E2 , G06F9/38D4 , G06F9/38H2 
JP3096423B2, C US5625835 



Abstract 



A method and apparatus for reordering memory operation's in superscalar or very long instruction word (VLIW) processors is 
described, incorporating a mechanism that allows for arbitrary distance between reading from memory and using data loaded 
out-of-order, and that allows for moving load operations earlier in the execution stream. This mechanism tolerates ambiguous 
memory references. The mechanism executes only one additional instruction for disambiguation purposes, thus producing good 
performance, and integrates memory disambiguation with speculative execution of instructions. The overhead introduced is only 
one instruction, and the load operation can be arbitrarily moved earlier in the instruction stream. The mechanism can cope with 
conflicts that occur as a result of an unexpected combination of store/load instructions, can be used in a coherent 
multiprocessor context, a nd combines speculative execution with reordering of memory operations in a way which requires " 



simple hardware support. 
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KI4. #7*n ^7^mffT'H?f (leit^iaa 

~- (D 7 9 ir 7. (i ft tt io ti ft 1/ - 1 o 
[0 0 3 4] K£^TCDHtiS 

Ib/hftj&SIW&S&lB (alu) 4t'SMi^=j/ 

r-&£tf„ DJcli. em<r>W.tfe=>--v h 2 0 1 ftl^L 2 
0 6/J^£*tT^3/4 ; . Sis^l-li, Mrfr&}te7a-t y 
f- WIS: ft lets c x <t 9 £ < <d $ li J; *) 'p ft i^JSgg^ - 
■y h*$iffiX~£ ZZktmmZtiX 5o ZixibWS!^ 



(7) #^¥8 - 3 1 4 7 2 1 

12 

ir*U ^fi7"n-fe y-^ • Sf- 

tg3.-i,Mi, VlRlfSx? (GPR) 2 0 8, 
gc.SU'-:;** (FPR) 2 0 9. tJit/^^w-v 5 ^^- 
2 1 OfcaSfcSttSixS. 

[0 0 3 5] Ci-L^-CKfEffiLfcffiittt:. »Ot©f 
Sli#lci±J:<Sft?$ixT^itror-fc5. #383814. 
GPR208, FPR2 0 8, U v 5 ^. ^ 2 1 

Olc-^n^'ixT h'u^ttSS (AC).^y77 2 1 1ti 
70 XXTMmWft- (DX) tfy h 2 1 2. 213, 2 14 5: 

[0 0 3 6] T KU^JtK^V h y li, fty-ay-yl* 
mr¥X-a— b'ZtiZ&l'^X? iBiiif+Jt bttS. EI 3 

&isi?x9izm#Hz&l'0}£XZ>z\ki>X'£Z. ) *^PJ3 

cozw&mmmicfovxit* #aci> k y 14, (D 

^<75®H. (2) ^7°n ^7^tIffT-ci— K^tbfc^ 

y fcitf!, (3) ACiy 
30 by T'AA-ifW7 KU-^tOffiafcctU 1 ^^ hT^f^ 

[0 0 3 7] IS 3 (C^-f gi?J&ff2?i-C-W\ fc5lg^7' 
d^7AI^T-p - K-f-5Ci<0-C#5 L-v^^J: *9 
W^ACi^ h y I- (4, ACxyh.!)©^ 

try hSr^r-rsfc'tt-c-fca. croi^^u-c. #^el^ 

PACxyHJ --OT^-lr^l4«^3.v h y Sr^ffi^ 
40 [0 0 3 8] ^/o^yAi^ll BlTWijtl' 
^4r^fi£i-54§'&»-l4, Iftu-^^ODXtf? bin* 
^7VK«DX^yF#t7^Jl5i (wtu(4, a 
(75DXt'y htty h^ixS. -fTi^^. 

[0039] iiwii^/i y y— ^icAp^.r. *:^^i±. 

7"nir 2/-tMwJ;oT^ft^ix5S:W^r^5r'&tf 0 Loa 
50 d Register Out — of— order — 



(S) 



- 3 1 4 7 2 1 



13 

{4£^-Ti f y b&ttJm-fZ>zkX-W:&£inZ>. Mo v 

e Register Out — of— order — 

> n; ic= f— rs„ ' zomt&fatb. zntt. %\z.^ 

(DX) fyM±, Bftls^xfnmm&m^-y hld=i 
f— #Wl23g£.L#V\ Commi t Re 

g i s t e r - ^co^<^(i N y"n ^ A-mFF t'O^ 

Vs-J?*i>(Dfa&%;\itL(Dl'i/^5>{Z.-=' £*— L, y — ^ • U 

^/iV^'ifJA'S'fxy^ L, y — * • 

tc<£> = — K ' 



14 



fl- (DX) ¥y hfc-t-y h£ixXV^£\,*m£\a±. 

SSW^-7J s ^^iX-5o Invalidate Add 
ress Comparator Entries — 

C*Ui. = y^=¥^ hCD^3"5#x^(CAC^«:t : $tLT 
v^v^-S-K, Sv^^r*^ r-d^WAC^ff = 

^fi • yy hi>x7l:±-3TSffl^^ 0 

[0 0 4 0] n— K^^rog^OgiJ 
TIC n— K#^t» ^rron— KirftfttSffroSffi 

* h T <D JLIc^Kj $ tu/t n - K 
load? r25, 1 0 ( r 4 ) 



store r3, 20 (r2) 



store 



r 3 , 2 0 ( r 2) 



load r5, 10 ( r 4) 
add r 6 , r 5 , 2 0 

sub r 7 , r6, r7 



c o mm 

add 

sub 



r 5 , r 2 5 

r 5, r 5, 2 0 

r 7, r 6, r 7 



^a^o^7A)i^fB-KSli5. -era 
load? r25,10(r4) 



[0041] b— Kicst< w.m&&frT\^-fi. b \zm 



load? 
a d d? 
add? 



r 2 5 , 
r 2 6 , 
r 2 7, 



10 ( r 4) 
r 2 5, 2 0 
r 2 6, r 7 



store 



r 3, 2 0 ( r 2) 



store 



r 3, 2 0 ( r 2) 



commi t 

add 

sub 



r 5, r 2 5 

r 6, r 5, 2 0 

r 7, r 6 , r 7 



commi t 

copy 

copy 



r 5 , r 2 5 
r 6, r 2 6 
r 7 , r 2 7 



&mt£ bites' o f^A.mPF&ttto&sk&'Zti 



50 



(9) 



&ffl¥-8 - 3 1 4 7 2 a 



15 

[0 0 4 2] * h7Mi ! #/o 7=7 J*mPFX'a - K£ 

load? r25, 10 (r4) 
add? r26, r25, 20 
sub? r27, r26, r7 



16 



[004 3] Pli LT, ±(C^LfcJili?:#x. = - K<0fi 
01^- K 



store r3, 20 (r2) 
4) 

commit r5, r 2 5 
0 

copy r6, r 2 6 

7 

copy r7, r 2 7 



rcvr:load r25, 10 (r 



add r5, r 25, 2 



sub r5, r 2 6 , r 



re turn 



KW— gJSfc LT??3m£ft, miBim^— Kl±. 

t-# s c t tmmx-z x 0 „ 

[0 0 4 4] StfetUT, *«WroflffiKl-B3LXWT 
(1) * — 7^fcliV L I WT'ci-fe yiJ-KJSH 

y7k, W^£^t5^B^7i.Wn-K^l; 40 
A'&^JS'J-ra^-.yT't, 7=>- KStifc^ hT^i^lc 



fjiSi^V h y COHufE^-^bf 3/ y? U HufE^ 

f y vt-mm\^y h £tix\,^z>m&izi?.mmm?\-z± 

(2) ±12 (1) lc|E«©^— ^-^.*9*fc(±V L I 

fooT, $ibtr. ^12^ = — 'K$ixfc#^^7'D^7 
J»MlJ?n— K, 717, Xfi=> 5 y h^<f5-W^-T-fo5 d» 

(3) **:])Wiit&mi ;S Fmz.-rz>zk<nx-ZZ>x—y<- 
^*7ttlJVLIW7'ot7tt-foot, HlJlBT'Dir 

^^-dJ^T'a ^AISp- FifritX-hZfrk' b t^Vi 

®w*£.f$.-tz>frk' b fr*mm-r zmmft^&x-tr,^ 



50 X, Mft$:±i3.-ft>ft7<n /7Alffn- Kift^ldoi^ 



(10) 
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TzVXDT KU^lt^T-fcoT, {Sf= £ *t7t ;>< ^- y ■ T 



ftmW-S - 3 1 4 7 2 1 

18 

= - K£H?Tf Sfi&Jfl-'^ K7-U 
[Hi] *%BJlC < toT?T/i^n-57'o^7A|ilfffcJ; 
[[22] *$§93lC<fcoTfT>£*?i'L5:7 P n^7 APl^fcJ; 
[13] 12 1 8.I/12 2W7o- ^-f — MC^Lfc^yn 

201-20.6 
2 0 7 
2 0 8 
2 0 9 
2 10 
2 11 

2 1 2~ 2 1 4 



■T — -? ■ ^r-V .y 
DXf y h 



[122] 




YES 



117 



YES 




118 




YES 



120 



(11) 



- 3 1 4 7 2 1 



[mi] 




104 



105 




108 



J. 



112 



114 



(12) 



&ffl¥-8 - 3 1 4 7 2 1 



[123] 



208 



ifl 

m 

it 



209 



ft 

ft 

V 

x 
& 



210 





212 






; — » 


201 


D 




X 

tr 








V 
































r 213 






D 
X 






oris 








If 






204 


■y 


» 




















,214 




3-— -y h 
205 








D 








X 

If 






«*SB 


y 
h 






206 



207 



21K 



7 b > t-^— *s<r>m.% 



i^.^— — is tjU a— K a: 

^ • 2317 
(72)%^# v'^-Y 5— • yvA-^yU h • tl/; 

7^ y *-a-*Hio53o=3.— a— ?w ^ 

— yf—/u fc/i-tT. ■ 7-<— a — 205 



a2) ^m^- ^/yU^-f-yyt-v/^/Wy 

7^ y #-g-£fc[110546— a.— 3— ^ffl < 
K t ^ b — - u— v 

141 

(72)«^# 7^ y y 7* • 7*7 • — 7 4 — 

y *-g-*B55902 S^y^W n— ^ 
7V 822 



